Allelochemical compounds are present in tissues of different plants` parts and also in other organisms, being released into the environment and thus affecting plants development. There is evidence that secondary metabolites produced by weeds may exhibit several allelopathic effects. This study aimed to evaluate allelopathic activity based on the interaction of aqueous extracts preparations and their concentrations obtained from Bidens sulphurea (Cav.) Sch. Bip. leaves on germination and seedlings development of Lactuca sativa L. cv. Grand rapids (lettuce). The extracts were obtained from fresh leaves and prepared by infusion, decoction, leaching and grinding methods, at concentrations of 0, 7.5, 15, 22.5 and 30%, with four replications with 25 lettuce seeds. Seven days after the percentages of abnormal seedlings and germination, shoot and root length (cm) were evaluated, while germination speed index (GSI) was daily determined and calculated. The experiment was completely randomized in a 4x5 factorial design, with four extract preparation methods and 5 concentrations. It was found out that the B. sulphurea aqueous extracts did not affect the germination and abnormal seedling development percentages in lettuce seeds. The aqueous extracts and their concentrations showed allelopathic effect for GSI, shoot and root length variables, despite their methods of preparation. This effect is not only inhibitory, but in some cases it was also stimulatory.
INTRODUCTION
The term allelopathy defines a chemicalecological phenomenon in which secondary metabolites, produced by a plant species, are released into the environment and interferes on germination of other plants stage (Soares et al., 2002) . All plants produce them; however, vary in quantity and quality from species to species. The tolerance or resistance to these compounds can also be specified and there is more sensitive species than others, such as lettuce (Lactuca sativa L.) and tomato (Lycopersicon esculentum Mill.), which are used in bioassays as allelopathy bioindicators (Ferreira & Aquila, 2000) .
In plants, the allelopathic substances play many different roles, such as preventing seed decomposition, interfering in their dormancy as well as in stem buds and influence their relations with other plants (Durigan & Almeida, 1993) .
The chemical compounds are present in seeds, roots, stems and branches of plants in different amounts, with a tendency to accumulate in leaves, due to the fact that most studies show that leaves have higher allelopathic potential than other plant fractions (Souza Filho et al., 2011) . The release of these compounds into the environment occurs by volatilization, leaching, exudation by roots and plant residues decomposition (Souza, 1998; Reigosa et al., 1999; Goldfarb et al., 2009) .
Allelopathic effects and action mechanism of allelochemicals are fundamentals to understand the interactions among plants, either in natural systems, or in agricultural systems. These may have several implications in agriculture by the effects that allelochemicals can cause as well as by the effects they are submitted in the environment. Plants can produce allelopathic substances and their chemical nature differs among species, as well as their susceptibility to allelochemicals released by other plants. As a result of this variability, some species are favored and others suffered, which may affect the specific and quantitative composition of weed communities (Durigan & Almeida, 1993) .
From the agriculture point of view, studies regarding to allelopathic effects and plants identification with such effect have assumed particular importance since the knowledge of crops and weeds allelopathic relationships will improve agricultural systems through the most suitable techniques adoption such as cultivars choice, crop rotation, period and sowing processes (Gomide, 1993) . According to Pires & Oliveira (2001) , there are several weed species with allelopathic potential. These plants can contribute to the control of others through exudates, leachates and volatiles production.
Allelopathic effects of weed species on different crops were found in scientific researches. Bhowmik & Doll (1982) observed that aqueous extract of Amaranthus retroflexus dry residue inhibited maize root length and soybean hypocotyl. Stevens & Tang (1987) showed that Bidens pilosa reduced seedling growth of lettuce, beans, corn and sorghum, which was considered by Rabêlo et al. (2008) and Gusman et al. (2011) a species with allelopathic potential.
There is evidence that secondary metabolites, produced by weed may show a wide variety of allelopathic effects. The Bidens genus has more than 15 species of importance around the world and Bidens pilosa L. has the greatest transcendence, which is a weed present in most Latin American countries that infest annual and perennial crops (Lorenzi, 2000) .
The Bidens genus, popularly known as beggarticks, has been used to cure many health problems, is used for herbal medicine, mainly for liver problems (hepatitis and jaundice), whose leaves are mostly used (Vasques et al., 1986; Botsaris, 2007) . There are repored the greatest incidence of polyacetylenes (34%), chalcones (12%), phenylpropanoids (9%), flavonols (9%), thiophene derivatives (9%) and aurones (5 %) in Bidens genus (Emerenciano et al., 2006; Emerenciano et al., 2001) .
Bidens sulphurea (Cav.) Sch. Bip. species belongs to Asteraceae family and is an annual herb, native from Mexico, widely distributed in Brazil. It is important ornamental potential and, also cited as a weed due to its effective dissemination and growth (Lorenzi & Souza, 2008) .
This study aimed to evaluate allelopathic activity based on the interaction of aqueous extracts preparations and their concentrations obtained from B. sulphurea leaves on germination and seedlings development of Lactuca sativa L. cv. Grand rapids.
MATERIAL AND METHODS
The trials were carried out at Botany and Plant Physiology Laboratories as well as in greenhouse of Paranaense University (UNIPAR), Campus of Cascavel, Paraná State. Bidens sulphurea fresh leaves were collected during their reproductive period and used as donor plant material. The seeds used as receivers were lettuce (Lactuca sativa L. variety Grand rapids), acquired in agricultural shops.
Thirty grams of fresh B. sulphurea leaves were grinded, infused, decocted, and each fraction was dipped in 100 mL of distilled water, and filtered to produce 30% aqueous extract (stock solution). Dilutions to 7.5, 15 and 22.5% were prepared and distilled water was used as the control treatment.
All pH concentrations were recorded for analysis of possible interference, with digital pHmeter.
The preparation of water extract fractions was according to the following: 1 -fresh leaves were weighed, washed, chopped into 1cm pieces and ground for two minutes, decocted for two minutes, to prepare ground and decocted extracts, respectively; 2 -fresh leaves were weighed, washed, chopped into 1 cm pieces and kept into water for 24 hours, to obtain the leachate aqueous extract; fresh leaves were weighed, washed, chopped into 1cm pieces and placed in a beaker, added boiling deionized water for five minutes to obtain infusion extract.
In laboratory, 9 cm-diameter Petri dishes were used, covered with two filter paper sheets and planted to 25 lettuce seeds to constitute the plots. In each dish, 10 mL B. sulphurea aqueous extract was added and it was used distilled water as untreated check. The Petri dishes were kept in a germination chamber at constant temperature (20±2 °C) and 16 hour light photoperiod. The germination chamber, counters and other materials were previously disinfected with 70% alcohol; Petri dishes and filter paper were autoclaved at 120 °C for 20 minutes.
Numbers of germinated seeds were counted every day to calculate the germination speed index (GSI) (Borghetti & Ferreira, 2004) . The seeds with roots equal or greater than 2 mm were considered germinated. After seven days, the final evaluation was held in order to consider the following variables: shoot and root length (cm), germination percentage and abnormal seedlings (with root necrosis).
The experiment was completely randomized, in 4x5 factorial design with four extract preparations (grinding, leaching, infusion and decoction) and five concentrations (0, 7.5, 15, 22.5 and 30%) for each obtained extracts way. Each treatment was carried out with four replications, 25 lettuce seeds, with 100 seeds per treatment. Data were submitted to analysis of variance (ANOVA) and averages were compared by Tukey test at 5% probability using the R software (R Development Core Team, 2014).
RESULTS AND DISCUSSION
The pH of aqueous extracts from B. sulphurea leaves, for all tested concentrations, showed variations among 5.8 and 7.22. It is likely that the pH of aqueous extracts have not contributed to change the results (Table 1) . Cardoso (2004) and Kerbauy (2004) recommended that the pH should be from 6.0 to 7.5 range; since many biochemical processes occurred in these pH conditions.
Interactions between preparation method and extracts concentration did not affect germination of lettuce seeds that varied from 93 to 100% (Table 2) . Borghetti & Ferreira (2004) stated that allelopathy may not affect percentage of seed germination, but on germination speed index (GSI). This was observed in this study, by reducing the GSI of seeds treated with the extracts obtained from 15; 22.5 and 30% decoction when compared with the control treatment and some preparation methods, with dose-response dependent. Thus, as the concentration increased, there was a decrease on GSI. Aoki et al. (1997) point out that the intensity of allelopathic effects is dependent on the substances concentration.
Similarly to what was found out in this trial, Gusman et al. (2011) have tested aqueous extracts of three weeds (Bidens pilosa L., Cyperus rotundus L. and Euphorbia heterophylla L.) regardless the target tested species (tomato, lettuce, cabbage or radish) and observed that the germination process was the least affected by extracts when compared with GSI and seedling initial development. The authors emphasize that from the studied three weeds, B. pilosa showed greater allelopathic potential, which is the same genus of species used in this study.
Leachate extract increased the GSI for 7.5% concentration when compared with the control treatment. According to Borghetti & Ferreira (2004) the highest the GSI, the greatest the germination speed, which can be inferred that the seed lot is more vigorous. So, the extract prepared by leaching promoted an increase in germination potential of lettuce seeds.
The 22.5% concentration of ground extract differed from control treatment and 7.5% concentration reducing seeds GSI. Extracts prepared by infusion showed no significant statistic difference among concentrations. Infusion preparation method at higher concentration increased GI when compared with higher concentration of decoction method.
Similarly, Pelegrini & Cruz-Silva (2012) used the same extracts preparation methods and tested concentrations in this trial from fresh leaves of Coleus barbatus on GSI of lettuce seedlings, in order to observe stability of infusion extract in different concentrations. When the preparation methods are compared with the extracts concentrations, it was verified that 0 and 7.5% concentrations showed no variation on GSI. There were no statistical differences among preparation methods, except for the 22.5% concentration. Extracts prepared by grinding, infusion and decoction also showed no significant statistic difference among preparation methods concerning the concentration level.
Root growth was stimulated by ground extract in lower concentration (7.5%) and inhibited at higher concentrations when compared with control. This difference in concentrations was observed by Gatti et al. (2004) when used aqueous extracts of Aristolochia esperanzae root and stem and observed that they stimulated the lettuce root length up to 50% concentration, while the same extracts inhibited the length at 100% concentration. Rabêlo et al. (2008) found out that aqueous extracts of B. pilosa dried leaves (obtained by grinding) reduced shoots and roots growth of all tested species (cabbage, turnip, lettuce (five cultivars) and radish). The extract when simulated leaching differed significantly from the control treatment, with a considerable root growth in all tested concentrations, and 30% concentration showed a better performance. The extracts obtained by infusion and decoction inhibited root growth in all tested concentrations when compared with the control, and there were statistics differences among concentrations within infusion extract.
These results agree with those obtained by Corrêa et al. (2005) , who used aqueous extracts of B. pilosa dried leaves obtained by grinding and infusion and tested on lettuce and soybean development. The authors found out that the extracts inhibited the root length in both preparation methods, up from 1 or 2% concentration according to the studied species.
The leachate extract showed the best averages of root growth for 15, 22.5 and 30% concentrations and differed significantly from the others when it was analyzed preparation method based on concentration level. On the other hand, the decoction extract showed the lowest averages of root growth. There was a significant difference from the other extraction methods in all concentrations, except for the control treatment. Note: Averages followed by the same lower-case letter in a row and capital letter in a column, did not differ significantly according to Tukey test at 5% probability. ns: not significant. GI: germination index.
The higher the extract concentration, the higher the inhibitory effect caused in ground, infusion and decoction extracts. This was in accordance with the results obtained by Bhatt et al. (2001) , who have tested allelopathic effects of weeds such as B. pilosa. In order to test leguminous and cereal germinations, it was found out that the aqueous extracts of these plants reduced the germination and inhibited the root length and plumule of all studied species. At last, the allelopathic effect increased with an increasing extract concentration.
Viecelli & Cruz-Silva (2009) tested preparation methods and extract concentrations and associated them with the lettuce roots developments that were affected by the extracts differently: sometimes stimulating, sometimes inhibiting their growth. This response variation was due to the way of the extracts methods obtained, the tested concentrations and the season when the leaves were collected.
The ground extract stimulated shoot length for all tested concentrations when compared with the control in this following order: 41, 39, 32 and 38%, for 7.5; 15; 22.5 and 30% concentrations, respectively (Table 2) . Concentrations from 15 to 30% leachate extract of B. sulphurea leaves stimulated shoot growth when compared with the control, whereas the extracts concentrations by infusion and decoction inhibited the shoot system growth. Simoneto & Cruz-Silva (2010) observed inhibition of maize and sunflower root growth and tomato and sunflower shoots under extract prepared from leaves infusion of sage (Salvia officinalis L.). Singh & Hazarika (1996) observed that aqueous extracts of Galinsoga parviflora and B. pilosa showed inhibitory effects on germination, root and shoot growth of soybean and beans, suggesting that the compounds are released into the environment by its decomposition in soil. The ground and leachate extracts showed the highest values for shoot growth in all tested concentrations and differed significantly when compared with extracts prepared by infusion and decoction. For all extracts and concentrations, the abnormal seedlings observation was not significant. Pelegrini & Cruz-Silva (2012) pointed out that the lettuce development was affected by the preparation methods and concentration of Coleus barbatus (A.) Benth. leaves extracts. There was some stimulation of shoot growth seedling by ground, leachate and decoction extracts, while no response of root growth.
Finally, decoction extracts showed the lowest averages of GSI, roots and shoots growth variables, followed by infusion extract. The leachate extract increased significantly lettuce seedlings growth. Oliveira et al. (2004) also reported that it is not ensured if shoot growth reduction is a direct result of allelochemicals actions or a consequence of the roots growth reduction.
The different methods of obtaining extracts induce different secondary metabolites, according to the molecule characteristics, which probably affects the response pattern of variables submitted to different extracts. According to Falkenberg et al. (2007) , the temperature increase causes an increase in substances solubility, so, the heat extraction methods are faster than those performed at room temperature. However, the heat extraction plus the extracts obtained by infusion and decoction induced greater availability of allelopathic compounds. These data, as mentioned above, were those ones that negatively affected some parameters evaluated in this trial.
Several organic compounds were identified as allelochemicals, produced by microorganisms or plants (Rice, 1984) , and among them, there are polyacetylenes, flavonoids, phenylpropanoids (cinnamic acid derivative compounds), which are compounds found in Bidens genus.
Souza Filho et al. (2009) pointed out that Ocimum americanum L. oil affects germination, root and hypocotyl development of Mimosa pudica L. and Senna obtusifolia (L.) HS Irwin & Barneby and related that the observed effects can be attributed to the presence of phenylpropanoids among other compounds in its essential oil.
Chalcones, also found in Bidens genus, were cited for presenting allelopathic effect (chalcone SC -2,4'-dimetoxichalcone) that inhibited the seeds germination of M. pudica and S. obtusifolia, in 58 and 48%, respectively, at 300 mg L -1 concentration (Bitencourt et al., 2007) .
Based on the results obtained in this study, it was found out that the aqueous extracts of Bidens sulphurea leaves did not affect the percentage of germination and abnormal seedlings development of lettuce. The different methods of obtaining the studied aqueous extracts and their concentrations showed allelopathic effects on germination speed index, shoot and root growth variables. Another important answer was that there was not only an inhibitory effect, but in some cases, also stimulus.
